In young children, the axis is divided by synchondroses between the dens, body, and neural arches (Fig. 1) . The cartilaginous plate between the dens and the body of C-2 is an area of potential weakness that does not ossify until a child is 5 to 7 years old. 4, 10 The weak synchondrosis, in combination with the relatively large size of a child's head, which can act as a pendulum in high-speed trauma, makes the odontoid synchondrosis prone to traumatic injury.
Clinical Material and Methods
A retrospective chart review was performed using the surgical database at Primary Children's Medical Center to identify odontoid synchondrosis fractures treated since January 1, 2000. In this search we found four patients, who were combined with patients from six other reported series in the literature (Table 1) . 1, 3, [6] [7] [8] 10 Data regarding age, sex, fracture displacement/angulation, delay in diagnosis, neurological deficits, treatment strategy, and outcome were collected from all series.
Results
In this retrospective review, we found four patients who were treated for odontoid synchondrosis fractures at our institution between January 2000 and December 2004. These patients were combined with 51 cases from other series reported in the literature. The patients' ages ranged from 9 months to 7 years, with a mean age of 2.8 years. Sex was reported for 50 patients (27 girls and 23 boys).
Neurological deficits consistent with SCI were noted in 15 patients, 11 of whom had complete injuries. In eight of the SCIs, the level of the injury was noted to be at the cervicothoracic junction, based on clinical findings or MR imaging. Among the 36 patients in whom fracture orientation was noted, 34 had anterior displacement or angulation, and one patient each had posterior displacement and neutral alignment.
Initial treatment was reported for 52 of the 55 patients Object. Odontoid synchondrosis fractures, although rare in the overall incidence of spinal trauma, are one of the more common fractures in young children. The goal of this study was to evaluate the demographic data, incidence of neurological deficits, treatment strategies, and outcomes in a combined series of odontoid synchondrosis fractures treated at the authors' institution and reported in other series.
Methods. In a retrospective chart review, the authors identified four odontoid synchondrosis fractures treated at their hospital since January 2000; these were combined with cases reported in six other series in the literature, yielding a total of 55 patients. Data regarding the patients' age, sex, delayed diagnosis, odontoid displacement, neurological deficits, treatment, and fusion status were collected.
The patients' ages ranged from 9 months to 7 years (mean 2.8 years), with neither sex predominating. Diagnosis was delayed in eight cases. The orientation of the odontoid fracture was reported for 36 patients, with 94% experiencing anterior displacement. Spinal cord injury (SCI) was noted in 15 patients, including 11 with complete injuries and eight with SCI at the cervicothoracic junction. Forty-two (93%) of 45 patients with fractures initially treated with external immobilization attained fusion. Eight patients were treated with surgery; four initially, with no attempt at conservative therapy, three after failed halo immobilization, and one after nonunion because of delayed diagnosis.
Conclusions. Odontoid synchondrosis fractures can be difficult to diagnose. In children younger than 7 years of age who present with neck pain or neurological deficits attributable to SCI, this fracture should be suspected. Given the high rate of fusion attained with conservative therapy, it is recommended for most synchondrosis fractures, although surgery may be warranted for individual cases.
Abbreviations used in this paper: CT = computerized tomography; MR = magnetic resonance; SCI = spinal cord injury. T (Table 2) , and consisted of external stabilization in 45 (Minerva orthosis in 20 patients, halo immobilization in 20, cervical traction in three, and cervical collar in two). Four patients were treated surgically, with no attempt made at conservative therapy. These surgeries consisted of two C1-2 posterior arthrodesis procedures with posterior bone graft and wiring, one odontoid screw fixation, and one temporary posterior wiring (which was removed after the synchondrosis healed) in combination with anterior bone grafting at the site of the synchondrosis. Two patients received no initial treatment, and one died before treatment could be given.
Fusion across the synchondrosis was noted in 42 (93%) of 45 patients treated with external stabilization. In three patients this conservative treatment failed, and they underwent surgical stabilization with posterior C1-2 arthrodesis. Of the two surviving patients who received no initial treatment within the first 3 months of injury, one healed without intervention and one experienced nonunion requiring posterior C1-2 arthrodesis. All six of the patients who underwent posterior C1-2 arthrodesis (two as the initial treatment and four after failure of conservative or no treatment) attained fusion. Two C1-2 motion preservation surgeries (one odontoid screw fixation and one temporary posterior wiring with synchondrosis bone grafting) were performed and both were reported to be successful. 
Discussion
Odontoid synchondrosis fracture is one of the more common types of cervical spine fractures in children younger than 7 years of age. The combination of a weak area at the base of the dens with the synchondrosis and the relatively large size of a young child's head makes this area prone to injury. In many children, this synchondrosis ossifies by the age of 5 to 7 years, but in rare cases it can remain open into adolescence. 2 The clinical presentation of odontoid synchondrosis fractures can range from neck pain to neurological deficits with SCI. As this combined case series demonstrates, a majority of patients (77%) will not experience neurological deficits with this fracture. Nevertheless, in children younger than 7 years of age in whom there is an apparent SCI with no apparent fractures according to the initial evaluation on neuroimaging, close evaluation of the odontoid synchondrosis should be undertaken. Odontoid synchondrosis fractures seem to be associated with SCI at the cervicothoracic junction; eight (53%) of 15 SCIs occurred at this area in this combined series. Odent, et al., 8 have theorized that SCIs at the cervicothoracic junction are a result of stretch injury to the spinal cord that occurs with this hyperflexion injury.
Radiographic evaluation of the pediatric trauma patient typically starts with plain x-ray films of the cervical spine. Lateral plain x-ray films ( Fig. 2A ) most often show anterior angulation of the odontoid; 94% of patients in this combined series had anterior angulation or displacement of the dens. The angulation may be subtle, and it can be overlooked, as demonstrated by the delayed diagnosis in eight of the cases reviewed. The use of CT scanning, especially with sagittal reconstructed images (Fig. 2B ) and three-dimensional reconstructions, may be helpful in demonstrat- FIG. 1. The axis is formed from four primary ossification centers: the body, the two neural arches, and the dens. These ossification centers are separated by a cartilaginous plate called a synchondrosis. The synchondrosis between the dens and the body of C-2 is prone to fractures in young children. Ventral (A) and lateral (B) drawings depicting the synchondrosis of C-2. Anteroposterior reconstructed CT scan (C) demonstrating the synchondrosis (arrows) in a 3-year-old boy.
ing widening of the synchondrosis. 9 We have found that MR imaging can help in equivocal cases; a high signal at the synchondrosis and soft-tissue changes at the C1-2 level provide convincing evidence of a synchondrosis fracture (Fig. 2C) .
The initial treatment should be closed reduction and external stabilization, with close radiographic follow up. Rarely, these fractures may be highly unstable, even with external orthosis, and therefore require close follow-up review (Fig.  3) . One of our patients, who was treated with reduction and halo immobilization, experienced recurrent subluxation of her fracture, which was found on follow-up neuroimages obtained 1 week after initial treatment. Most fractures that are treated for 3 to 6 months in external orthosis will heal (a fusion rate of 93% was found in this combined series). Insufficient data are available to determine whether one form of external stabilization (Minerva jacket compared with halo or cervical collar) is superior to the others.
Fractures that cannot be maintained in reduction with external stabilization and those that fail to heal after 3 to 6 months should be treated with surgical stabilization. In terms of procedures, motion-sparing surgeries such as odontoid screw fixation or temporary internal stabilization with posterior wiring have been used, but both are challenging and unproven in this young patient population. Posterior C1-2 stabilization with bone grafting and wiring, possibly supplemented with screw fixation (atlantoaxial transarticular or polyaxial screws with rods from C-1 to C-2), has been shown to be an effective way to stabilize the C1-2 articulation in these young children (Fig. 3C ).
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Conclusions
The odontoid synchondrosis in young children is a potential area of weakness in the cervical spine and is prone to fracture when subjected to trauma, especially hyperflexion injuries. These fractures can be difficult to diagnose and require a high level of suspicion. In a child younger than 7
Neurosurg. Focus / Volume 20 / February, 2006 Odontoid synchondrosis fractures in children years of age who presents with neck pain or neurological deficits raising concerns about SCI, an odontoid synchondrosis fracture should be ruled out. Most fractures are initially treated with reduction and external orthosis, which yield excellent fusion rates. Surgical stabilization may be considered for highly unstable fractures that do not maintain alignment despite external orthosis, and in fractures in which nonunion persists despite at least 3 months of conservative treatment.
